Measurements of Hα emission within an eruptive solar prominence are presented, using white light polarization properties as a proxy for the presence of Hα in the STEREOCOR1 and COR2 coronagraphs. The transition from Hα emission to Thomson scattering radiance serves as an indicator of the ionization of the prominence, and I discuss the physical implications regarding the behavior of the neutrals and ions, and also for the measurement of coronal mass ejection properties using the Thomson scattering assumption. I find that the prominence has a high concentration of neutrals at around two solar radii that gradually exhibit ionization characteristics at it moves away from the Sun. The prominence reaches complete ionization, or at least a state where the Thomson-scattered brightness dominates, by the time it reaches around seven solar radii. This is consistent with predictions inferred from direct Hα measurements made from earlier studies in the 1980s and with the predicted ionization rate of neutral hydrogen near solar maximum. These results pave the way for an accompanying paper that reports on measurements of the prominence at large distances from the Sun using the assumptions verified here.
INTRODUCTION
Solar prominences are one of the most intensely studied phenomena on the Sun. They convey information on the magnetic structure of the photosphere and corona and are commonly associated with coronal mass ejections (CMEs). Many models describing the formation and launch of CMEs rely on the establishment or creation of prominences. See the recently published book edited by Vial & Engvold (2015) for an overview of the status quo on prominences and their importance to solar physics.
Prominences, including those of the eruptive variety, have been most commonly studied when they are close to the solar surface. This is because our ability to study them in detail diminishes as they move away from the Sun. While prior generations of coronagraphs (e.g., C/P on board the Solar Maximum Mission) possessed the ability to measure prominences at multiple wavelengths out to distances of around six solar radii (R  ), the current generation of solar observing spacecraft limits our field of view to regions near the Sun, with the one exception of the broadband white light capabilities of current coronagraphs and heliospheric imagers. Consequently, even when considering data from contemporary ground-based coronagraphs, we are currently limited to only white light observations of eruptive prominences beyond a few solar radii. In the present paper, we focus on eruptive prominences only; henceforth when the term "prominence" is used in this paper, the eruptive variety is intended. When required, I use the term "filament" for the non-eruptive prominence to distinguish between the two varieties. Little is known of the physical characteristics or behavior of eruptive prominences beyond distances of a few solar radii from the Sun.
It is important to understand the nature of prominences beyond the corona as they can readily provide a natural probe of the local solar wind conditions and can improve our understanding of both the prominence itself and its emission characteristics prior to and following launch. Additionally, the relationship to their accompanying CME during evolution through the solar wind provides evidence of the magnetic structure comprising the CME, potentially lending support toone class of model describing CME formation and launch. Studies of prominences at large distances from the Sun are very sparse in the literature. With the exception of those in situ studies that claim to have measured prominence impacts with spacecraft (e.g., Gosling et al. 1980; Schwenn et al. 1980; Cane et al. 1986; Yao et al. 2010) , to the author's knowledge only one study has been made involving direct prominence observations beyond around 10 R  (Jackson et al. 2006) , and none have done so continuously from the Sun to 1 AU. This paper is the first of two that present measurements of a single CME-related prominence continuously out to distances of ∼1 AU from the Sun. In order to analyze the prominence with the standard assumptions used for CMEs, it is necessary to first establish the environment in which those assumptions are valid. Hence, the purposes of the present paper are threefold:
(1) to estimate the distance from the Sun beyond which Hα emission gives way to Thomson scattering within eruptive prominences; (2) to assess the physics governing the early eruption of prominences out to around 10 R  ; and (3) to identify the distance from the Sun beyond which the assumption of Thomson-scattered radiance can be safely applied to prominence analysis.
EMISSION VERSUS SCATTERING
In the early days of CME detection from the 1970s through the early 1980s, much care was taken in distinguishing between the sources of the brightnesses of features observed by coronagraphs. It was understood, particularly regarding prominence observations, that the broadband white light observations would include contributions from spectral emission; of particular focus were the green continuum and Hα lines (e.g., ). Spacecraft and ground-based coronagraphs were developed with this problem in mind, allowing the isolation of features such as prominences and the separation of the various spectral contributions (e.g., Poland & Munro 1976; Athay et al. 1987) . The current generation of spacecraft white light imagers do not possess this capability and, while the currently operating LASCO coronagraphs do possess Hα filters, they have not been used since the early years of the Solar and Heliospheric Observatory (SOHO) mission. This leaves us with only broadband white light capabilities. While the bandwidths of the STEREO coronagraphs, for example, do not include the green continuum, the Hα emission line lies inside their spectral bands (cf. the COR1 and COR2 passbands of 650-660 nm and 650-750 nm respectively (Howard et al. 2008 ) and the Hα base emission line at 656 nm). We discuss the consequences of the difference response functions of the bands in these coronagraphs in Sections 3.1 and 6.2, but our immediate problem is to identify the contributions of prominence brightness from Thomson scattering and Hα emission.
To briefly recap, Hα emission (also known as Balmer-α emission) arises from the transition from the n = 3 to the n = 2 state of the Balmer series in hydrogen. Its presence therefore depends on the quantity of neutral hydrogen in the emitting material. In the solar atmosphere, neutral hydrogen is produced during collisions between ions and free electrons and the production of neutrals and ions are maintained in a state of equilibrium (e.g., Gibson 1973) . However, when the plasma becomes collisionless the production of neutrals ceases and the material becomes ionized over time via photoionization which is independent of collisions. Note that the term "collisionless" is used in this paper to mean that collisional recombination becomes slow compared to photoionization, rather than more traditional definitions for the term as used in solar physics. Within prominences the intensity of Hα emission itself is, quoting Athay & Illing (1986, p. 10, 967) , "a complicated function of temperature, density, and optical thickness and should not be expected to yield a simple geometric description."
Thomson scattering, on the other hand, arises from light scattered from free electrons and therefore depends upon the presence of ionized hydrogen (and other ions) and is not associated (as in Hα) with optically thick media because the coupling constants for Thomson scattering are less than those for the resonant absorption. This simplifies the physics involved somewhat, and the scattered intensity can essentially be regarded as being dependent upon the density, incident intensity, and scattering geometry of the medium. The scattered intensity roughly varies with an approximate R 4 -proportionality, where R is the distance of the scattering volume from the Sun.
The apparent brightness of a feature is of course critical in the measurement of its properties. For example, in the case of CMEs, the standard routine for calculating the mass of the CME depends entirely on the assumption that all of the light constituting its brightness arises from Thomson scattering. Contemporary CME mass calculations obtained using white light imagers incorporate measurements of the brightness of every component of the CME, including the prominence, which is often the brightest component of the CME structure. Measurements of a prominence within a CME observed by a coronagraph at distances >10 R  from the Sun made in a recent review by Howard (2015) showed that the prominence component contributed 40% of the intensity of one CME, therefore containing almost half of its mass if it were determined with the Thomson scattering assumption. However, it is known that Hα dominates in prominences out to distances of at least 5 R  (e.g., . Given that the relationship of density and Hα emission is different from that of Thomson-scattered radiance, this poses a potential significant error in CME mass calculation. Furthermore, if the prominence behaves in a way different from the CME, such as draining back into the Sun, dispersion, or becoming separate from the rest of the CME structure en route, then the potential exists for a portion of the original mass of the CME to be lost during its passage through the corona and solar wind.
Identifying Hα Emission in White Light Imagery
In the absence of spectral information, we seek evidence of Hα emission via polarimetry (Poland & Munro 1976) . The polarization of Thomson-scattered radiance is dependent on the scattering angle, itself dependent on the location of the scattering plasma along the line of sight relative to the Sun (Minnaert 1930) . Along any given line of sight, the excess polarized radiance pB of the scattered light is at maximum at the point of its closest approach to the Sun and decreases as we move away. Hα emission exhibits a consistently low polarization regardless of the location of the emitting material. This is because of a combination of the Hanle effect brought about by the magnetic field within the prominence material (e.g., Breit 1925), and a possible collisional depolarization effect (e.g., Heinzel et al. 1996) . It has been shown (e.g., Hyder 1965) that relatively small magnetic fields could suppress polarizations by an order of magnitude in a typical prominence via the Hanle effect alone. Poland & Munro (1976) provide an estimate of 17%polarization.
Observational studies of prominences using white light polarization as an analytic tool are sparse in the literature. and found that Hα emission dominates white light emission for some prominences out to distances of at least 5 R  from the Sun. found decreases in Hα intensity ranging from R 3 -to R 6 -. They found that relatively close to the Sun the prominence Hα brightness far exceeded that expected from Thomson scattering, and the rapid decrease in Hα brightness leads to the implication that the latter must begin to dominate at some point during its transit.
Turning to studies involving white light analysis alone, the most commonly cited is the work of Poland & Munro (1976) , who used the differences in the location of the material comprising the overlying CME and that within the prominence as evidence that the prominence brightness was predominantly caused by Hα emission. They dismissed as unreasonable the possibility that the CME and prominence could be separated by the angles they had found using Thomson scattering analysis alone, and used this assumption to determine the density and temperature of the prominence. We now know that CMEs can have a very large spatial extent (see Howard & DeForest 2014 for a recent study) and that it is not necessarily reasonable to always assume that the prominence and CME are co-planar. Nonetheless a separation between the average location of the CME and the prominence of the 30°found by Poland & Munro (1976) is probably rare, given the expected size of an average CME.
More recently, Mierla et al. (2011) analyzed a single prominence using polarimetry from the COR1 coronagraphs on STEREO. They found that the feature corresponding to the prominence within the CME images exhibited a low polarization (about 10%) compared with the overall CME with polarization of around 50%, and they were careful to identify the location of the prominence both within the CME structure and on the plane of the sky relative to STEREO-B. This negated the problem of reduced polarization due to the emitting volume being located away from the point of maximum polarization for Thomson scattering. They concluded that "had we assumed tB patch to be entirely caused by Thomson scatter, we would have obtained a gross overestimate of the density within the CME core" (Mierla et al. 2011, p. 4) 3. METHODOLOGY The methodology employed by Mierla et al. (2011) is the starting point for the present study. They correctly addressed the need to decouple the problems of depolarization due to Thomson scattering from that due to Hα emission. Ideally, as in their case, this problem is solved if we can place the prominence on or near the plane of the sky relative to the observer. Alternatively, it is sufficient to demonstrate a substantial difference between the overall CME excess polarized radiance (pB) and that of the prominence if we assume that the prominence must be located somewhere within the CME structure. We can now accomplish measurements of pB of the CME and its substructures at the pixel level (Section 5.2), rather than relying on averages as did Poland & Munro (1976) . Additionally for the present study, I have identified the exact location on the solar surface of the pre-eruptive prominence to assist in the geometric analysis.
One important difference between the analysis presented here and that of Mierla et al. (2011) is my usage of the B pB ratio rather than their pB uB, where uB is the so-called "unpolarized brightness" parameter. This was because the uB parameter has very high values when close to the Sun, including the backgound noise, which unnecessarily complicates the analysis in the present study. This is explored further in Section 5.1.
The purpose of the present study is to examine the brightness of a prominence to assess its transition from Hα emission (neutral domination) to Thomson-scattered radiance (ion domination). The following assumptions were made in the present analysis:
1. The prominence is enclosed somewhere within the structure of the CME. 2. The brightnesses of the CME and prominence are due either to Thomson scattering, Hα emission, or some combination thereof, i.e., there are no other sources of brightness contributions in the white light images. 3. Propagation of the CME and prominence are radial, once they have departed from the Sun. 4. The prominence plasma is optically thin post-launch ). 5. Neutral creation due to cosmic ray collisions (e.g., Pilkerton et al. 2005 ) is negligible.
Instrumentation and Data
As I focus on the nature of the prominence once it is clear of the Sun, the primary data for the present study are from white light imagery, particularly the coronagraphs on board the STEREO spacecraft. I make use of the solar disk images to localize the launch site of the prominence and the LASCO coronagraphs on board SOHO to place the prominence in perspective relative to the Earth. Discrepancies have been found between CMEs masses calculated using SOHO/LASCO and the STEREO/CORs (Howard 2015) and until the source of this discrepancy has been resolved (e.g., Frazin et al. 2012 ) I rely solely on the CORs on board STEREO-B for the radiance measurements from which I determine the polarization properties.
The characteristics of the CORs on board STEREO are described by Howard et al. (2008) . Briefly, COR1 (Figures 1  (d) and (f)) has a field of view of 1.4-4.0 R  , a cadence of 5 minutes, and produces triplets of images at polarization angles of 0°, 120°, and 240°. COR2 (Figures 1(g) and (i) ) has a field of view of 2.5-15 R  , and produces both triplets of images at polarization angles (at the same angles as COR1) and a separate "total" image where the polarization wheel is not used for the image exposures. This effectively enables the production of two "total" images for COR2 for a given time, where the three polarization images can be added in the same manner as a "total" image is produced for COR1.
The precise measurements of the prominence are enabled by the recent arrival of new data pipelines of the SECCHI data. For the polarization images from COR1 and COR2 I use the pipeline of Thompson et al. (2010) . This pipeline uses leastsquares fitting to force the three polarization vector images to be either radial (B R ) or tangential (B T ) radiance (surface brightness). The former is returned as a positive value while the latter is negative. Thompson et al. (2010) describes this treatment for COR1 data but the routine has recently been developed for COR2 as well (W. Thompson 2014, private communication) . The background F and K corona were minimized by subtracting the 10th lowest percentile of each pixel in the collective of images. In this case this was the entire day of images.
Two properties of the COR2 instrument impeded my efforts to include its data in the present study. First, by the time of the eruption of this prominence (2012 August), COR2 was only sending back a polarization triplet every hour, compared with the COR1 triplets that were provided every five minutes. Second, the COR1 and COR2 passbands are sufficiently different to make a direct comparison of Hα emission difficult, if not impossible, between the two coronagraphs. Specifically, the COR1 passband is designed such that it is essentially a tophat function centered at the (unshifted) Hα emission line at 656 nm, whereas the COR2 passband resembles a Gaussian with the FWHM at 650 nm. This means that the Hα contribution in COR2, relative to the remaining signal, will be at least only around 50% of that in COR1. I was therefore unable to draw any solid conclusions from the COR2 measurements, except that they are dominated by Thomsonscattered radiance.
MEASUREMENTS
The prominence chosen for the present study erupted from the Sun on 2012 August 31. The prominence and its associated . This indicates that the prominence is considerably behind the plane of the sky relative to STEREO-A; it is in fact almost directly behind the Sun. (g) COR2-B and (h) LASCO C3 images at the same time (21:54 UT), and (i) shows the CME in COR2-A at 23:24 UT containing a possible signature of the prominence. These images provide indicators of the pre-launch geometry and post-launch geometric configuration of the prominence. CME received a lot of press at the time given its spectacular appearance and the relative rarity of such activity in the current solar cycle. The CME was a "halo" as observed by SOHO/ LASCO (i.e., its geometry appeared to encircle the Sun because a large component of the structure was Earthdirected), and was designated as having just glanced the Earth (see, for example, the STCE Newsletter (#157) at stce.be/news/157/ welcome.html). While I could find no peer-reviewed reports on the CME as observed near the Sun, several papers were published on the consequences of its impact with the Earth, since it was reported to have been partly responsible for a third ring in the Van Allen radiation belt (e.g., Baker et al. 2013; Thorne et al. 2013 ) during a storm that began there early in September. This also received a lot of press (e.g., Grossman 2013).
The prominence originated as a dark filament on the solar surface that appeared to lie between active regions 11562 and 11563. It erupted at around 19:30 UT on August 31 when the two active regions were at S16E42 and S25E57, respectively (relative to the Earth). Figure 1 shows the eruptive prominence at 19:45 UT relative to the Earth (shown here as an SDO/AIA 171 Å image) and to both STEREO. It was sufficiently bright to saturate the COR1-B camera for almost an hour (19:45 UT-20:30 UT). Figure 1(c) shows the pre-launch filament and the post-launch prominence as observed from the ground in Hα. Note that it is bright in Hα when it leaves the field of view of the ground imager.
The prominence has been chosen for this first-time study because of our ability to easily track it through the SECCHI-B field of view (i.e., it is easily traceable and measurable at the pixel level throughout the HI-2B field of view), and because we can identify its location as being sufficiently near the plane of the sky relative to STEREO-B to enable our polarimetric analysis (Section 5.1). I explore the long-distance characteristics of the prominence in the accompanying paper.
THE PERSISTENCE OF Hα EMISSION
Analysis of CMEs using the physics of Thomson scattering has been the standard technique since CMEs were first observed (e.g., Gosling et al. 1975; Hildner et al. 1975; MacQueen 1980; Webb et al. 1980 , and references therein) and the theory has been adapted and employed more recently for heliospheric imager analysis (Howard & Tappin 2009; Howard & DeForest 2012; DeForest et al. 2013b ). However, this analytic approach is valid only if the assumption of Thomson scattering is appropriate. Workers (e.g., Mierla et al. 2011) have argued that it is not appropriate for prominences when they are close to the Sun, as the dominant Hα emission there exhibits properties different from Thomsonscattered radiance (Section 2). Therefore it is crucial to identify when the prominence material is sufficiently ionized such that its brightness is dominated by Thomson scattering.
Separating the Hα from the Thomson Scattering
I adhere to the traditional definitions for polarized light that are commonly used for Thomson scattering (Schuster 1879; Minnaert 1930; Billings 1966) , where the total brightness B TOT is the sum of the tangential and radial components (B B B T TOT = = + B R ). The polarized brightness pB is defined as the difference between these components ( B B pB T R = -). The COR pipeline of Thompson et al. (2010) used in the present study provides the means to determine calibrated values for B TOT and pB, for each pixel in the COR images.
Following DeForest et al. (2013b) and Howard et al. (2013) , a useful way to isolate material that is low in polarization is by measuring the ratio B pB TOT (hereafter and elsewhere referred to as simply B pB ). The theory of Thomson scattering reveals a predictable pattern of B pB as it varies with angle from the plane of the sky, depending on the distance of the measured feature from the Sun.
At the time of the eruption of the prominence, the planes of the sky relative to the Sun-Earth line for STEREO-A and -B were at 34°W and 26°E respectively. The locations of the prominence eruption relative to both spacecraft were therefore 76°-91°and 16°-31°away from their respective planes of the sky. So, as should also be clear by inspecting the time difference between the COR-A and -B images in Figure 1 , the prominence is on the opposite side of the Sun relative to STEREO-A. We therefore cannot use STEREO-A in our analysis, as the prominence would exhibit a very low polarization even if the brightness arose from Thomson scattering. We can, however, provide expected values of B pB from the perspective of STEREO-B. From Equation x e = + -, with ξ as the angle of the prominence from the sky plane, and ò as the elongation angle from the Sun, for a given line of sight. This applies under the assumptions that all of the light arising from the observed feature is Thomson scattered and that the Sun is a point source. The latter was found by Howard & Tappin (2009) to be suitable for measurements made at distances greater than around 1.5 solar radii from the Sun (see their Figure 5 ).
Figure 2(a) shows the expected values of B pB , plotted as functions of angle from the sky plane ξ, for a selection of distances from the Sun (corresponding to various elongation angles ò). We have highlighted the range of ξ values corresponding to the location of the prominence relative to STEREO-B at the time of launch, and note that B pB is almost exclusively greater than 0.6 across this range for all distances from 2 to 30 R  . Figure 2(b) shows the variance of B pB with distance across the range of ξ values for the prominence at the time of launch.
It is here that I divert from the analytic techniques of Mierla et al. (2011) . Using the terms defined above, the "unpolarized brightness" uB is defined as B B uB pB 2 R TOT = -= . Mierla et al. (2011) used the pB uB ratio to highlight the polarization properties of their prominence. In terms of the geometry used in Equation (1), pB uB 1 2 tan .
2 c = The value of pB uB increases rapidly as we approach the sky plane. Hence, close to the Sun, the background noise level is substantially increased along with the prominence signal, which I judged to unnecessarily complicate the analysis.
Polarization Properties
The images were measured by importing them into a standard graphics editing package and "painting over" the desired pixels with a separate color. The image was read into a scientific analysis package (PDL) and color-keyed to produce a mask of prominence pixels. This enabled the prominence to be identified at the pixel level and analyzed. Three separate measurements of the brightness of the prominence were made by varying the brightness threshold of pixels that were counted as exhibiting the prominence. This set three levels for the uncertainty measurements in Figure 5 . Values of pB and B were obtained by averaging the values of the pixels identified as containing the prominence. . I conclude that the low B pB ratio of the prominence is a strong indicator of Hα dominance at this time. Figure 4 shows the B and B pB images from COR2-B at the only time where we have COR1-B and COR2-B images of the prominence at the same time. The prominence is clearly visible in panel (a) but is almost invisible in panel (b), despite the fact that the COR1-B image from the same time showed the prominence as a dark feature (i.e., having a low B pB ratio). This difference is almost certainly due to the discrepancy in relative brightness of the Hα line in the passband for both coronagraphs. As described in Section 3.1 the relative brightness of the Hα line in the COR1-B image is at least twice that in COR2-B. It seems that this is sufficient to diminish the Hα emission to a point where it is almost indistinguishable from the surrounding Thomson scattering radiance, at least for this prominence.
Following a direct comparison of the prominence in the overlap region of COR1 and COR2 for the same time, I measured a ratio of B B (pB ) (pB ) 2.7 cor1 cor2 = but could not confirm whether this could be used as a suitable correction factor between the two coronagraphs as the prominence was likely fully ionized by the time of the next polarized COR2-B in the sequence at around 22 UT (see Figure 5 ). To assess this correction factor appropriately requires the analysis of a prominence from earlier in the STEREO mission when the spacecraft were transmitting COR2 polarized triplets at a higher rate. This will be an objective of a future study. Figure 5 shows a plot of B pB versus distance for the prominence, measured from both the COR1-B and COR2-B images. For reference, we have overlaid the expected distribution for Thomson scattering from Figure 2 . The radial distances were calculated using the elongation measurement ò of the leading edge of the prominence and converting it to distance using the Fixed-ϕ technique of Howard et al. (2007) , where
Results
fp a e a = +
where cos cos cos a = L F and Λ and Φ are the latitude and longitude of the feature relative to the observer (i.e., 90 x F =  -). The prominence spanned a range of latitudes and longitudes, which when applied to Equation (3) provided the uncertainties in R fp . The accompanying paper (hereafer referred to as Paper II) describes this conversion technique in more detail. Note that although the CME leading edge was at a larger distance, it is shown in Figure 5 to be at the same distance as the prominence. This was so that the timing of the images, shown along the top axis, corresponded to all the the appropriate measurements. The relationship between the CME and prominence locations are explored in Paper II.
As described in the prior section, the COR2-B measurements were sufficiently washed out to render them indistinguishable from the surrounding Thomson scattering signal; we see that all of the COR2-B measurements (blue) lie inside the "Thomson scattering domain" band. Also shown are the COR2-B measurements of the surrounding CME (brown), also within the Thomson scattering band but all exhibiting higher B pB ratios than the accompanying prominence. There is an insufficient quantity of measurements to assess whether this is a consistent trend and therefore whether this could be an indication of Hα contamination of the Thomson scattering signal. Figure 3 , taken 30 minutes after those COR1-B images. Here we can clearly see the prominence in the B B  image as the bright feature extending southward around the surrounding CME structure, but it is practically invisible in the B pB image, despite the temporal proximity between the COR1-B images in Figure 3 and these COR2-B images. This is an indicator that the optical design of COR2-B is sufficient to wash out the Hα component of the prominence, rendering measurements of the emission contribution unreliable.
Turning to the COR1-B measurements (green in Figure 5 ), we find that the B pB ratio consistently increases with increasing distance from the Sun. Extrapolating the trend using a linear regression through the central measurements (with the 90% confidence bands shown), we can predict that the B pB of the filament will arrive at the Thomson scattering band when it has reached a distance of R 7 2   from the Sun. We can therefore conclude that this prominence is substantially, if not fully, ionized beyond this distance and will exhibit properties identical to those expected from Thomson scattering.
DISCUSSION
The results have shown that Hα dominates the emission characteristics of prominences within the COR1 field of view, but that it is mostly (if not completely) absent from COR2. While there was only one COR2 measurement that enabled direct comparison with COR1 at this time of the STEREO mission, it seems clear that the optical design of COR2 sufficiently washed out the Hα signal to the point where it was indistinguishable from the surrounding Thomson-scattered radiance, at least with regard to its polarization properties and regarding this particular prominence. I note that this prominence was unusually bright in white light, saturating the COR1-B coronagraph for the first 45 minutes after its appearance. It is probably safe to state that the fainter, more typical prominences will have their Hα contribution washed out in COR2 as well, but further study is needed to verify this.
Physical Implications
Using the excess polarization pB as a proxy for the presence of Hα emission, the results presented here show that this prominence consistently increased in pB with increasing R. I interpret this as a transition from predominantly Hα emission to Thomson scattering radiance and, by projecting a linear regression through the measurements forward, predict that the prominence brightness was vastly dominated by Thomson scattering by the time it reached a distance of around 7 R  from the Sun. Taking this trend in brightness characteristics as a signature of the transition from neutrals to ions (e.g., Poland & Munro 1976; ), this can be interpreted as an indicator of the ionization of this prominence. We observe what appears to be a gradual ionization through the COR1 field of view, reaching a predicted point of total ionization somewhere between 5 and 9 R  .
These results are consistent with the Hα measurements of the prominences observed by and , who were able to separate the Hα signal exclusively from the Thomson-scattered background for several eruptive prominences. They found that the Hα emission decreased at rates varying from R 3 -to R 6 -. In the case of the bright prominence explored by , the brightness of the Hα emission decreased from B 3 10 8 - to around B 4 10 10 - across distances from 1.5 to 5.0 R  (see their Figure 5 ). The results are also consistent with the expected ionization rate of neutral hydrogen from the ground state. Prior work (Raymond et al. 1998 ) has provided a photoionization rate of 8.3 10 5 -s −1 at solar minimum, and two or three times higher at solar maximum. This corresponds to an ionization time of between 1 and 3 hr, depending on the phase of the solar cycle. The most likely explanation is that we are, in effect, measuring the ionization rate of the prominence.
This raises an important question about the physical nature of the prominence during its passage through this transition zone. Above the photosphere, where the plasma is collisional and the prominence material maintains a balance of ionization and recombination, the number density of neutral hydrogen far exceeds that of ionized hydrogen by a factor of the order of 10 4 (e.g., Vranjes et al. 2004 and references therein) . In the chromosphere the ratio is more like 10 2 , but the neutrals are believed to exceed the ions by at least an order of magnitude out to several thousand km into the chromosphere (e.g., Vernazza et al. 2004 and references therein) . At some point, the plasma becomes collisionless (e.g., Barnes 1969; Priest 1985; Endeve & Leer 2001) and both neutral production and collisional ionization cease. From here the material is subject to radiative ionization, without collisional recombination/ neutralization. The mean free path of a neutral before it undergoes charge transfer is about n 3 10 p 14 cm, where n p is the proton density, so it is transformed to an ion in a timescale of around n 10 p 9 s. That time needs to be compared to the flow time and the acceleration time to determine where the neutrals decouple from the ions.
We must then expect a large concentration of neutrals comprising the prominence during this transition period. Since neutrals are not subject to forces from magnetic fields, we must consider whether a significant portion of the prominence material may be ballistic there. This would provide the potential for the prominence to exhibit kinematic behavior that is significantly different from the surrounding CME, which Figure 5 . B pB measurements of the prominence and surrounding CME from the COR1-B and COR2-B images, plotted against distance from the Sun. The Thomson scattering domain from Figure 2 is shown as the shaded band; measurements that lie within this band are assumed to be dominated by Thomson scattering radiance. We find that all of the COR2-B (blue) and CME (brown) measurements lie within this band. The COR1-B measurements (green) indicate a positive trend toward the band, and the linear regression through the central measurements is shown, along with the 90% confidence intervals (solid line and shaded region, respectively). Using this trend we find that the prominence measured in COR1-B reaches the band when it is around 6-9 R  from the Sun. Uncertainties in B pB arise from three different measurements of the prominence/CME in each image, while those for R are from the conversion from ò to R via the Fixed-ϕ approximation, obtained by varying the location of the point according to that of the prominence on the solar distance.
is generally believed to be governed by magnetic forces at this stage of its passage through the corona. We have seen examples of possible evidence of this independent behavior, both close to the Sun, where Panasenco et al. (2011) showed that the 2008 December 12 CME traveled in a trajectory different from its prominence counterpart, and far from the Sun, where Yao et al. (2010) showed a large physical separation between the CME, measured in situ as a magnetic cloud, and its accompanying prominence, measured using density and temperature characteristics. These have been explained in terms of various magnetic configurations adhering to particular CME onset models, but I offer a ballistic prominence as a possible alternative scenario. If correct, the prominence would lose any information it may carry on the magnetic properties of the CME and corona until its material becomes subject to the field again following complete ionization.
It must be noted that other effects besides ionization can reduce the Hα emission. At heights above around 2 R  , the densities in prominence ejecta are expected to be below about 10 6 cm −3 (e.g., Akmal et al. 2001; Murphy et al. 2011) . At those densities the hydrogen atoms are nearly all in the ground state, so they cannot scatter optical photons from the photosphere. Instead, the emission would be produced by a combination of (a) absorption of Lyβ photons and conversion to Hα+Lyα and (b) by collisional excitation, when the plasma is collisional. The former would drop off as the prominence accelerates and the absorption profile is Doppler-shifted away from the chromospheric Lyβ emission line, such that it vanishes for speeds above about 200 km s −1 . The latter drops off as density squared, while Thomson scattering drops off as density, so that the contribution of Hα would decrease with the density.
Finally it is important to note, however, that if the prominence plasma is collisional during its passage, then the neutrals we observe in the form of Hα emission would be in an equillibrium state where they are continually being ionized (both radiatively and collisionally) and recombined, so it is not correct to state that the neutrals would be ballistic for the entire time that they are in the transition zone. I offer no commentary on the rates at which this equillibrium would be approached in the transition zone.
Measurement Implications
The results have important implications for CME measurement, since a large portion of the CME brightness often arises from the prominence. I agree with the conclusions of Mierla et al. (2011) that mass measurements of CMEs determined from COR1 cannot be trusted, as the Thomson-scattered signal here is strongly contaminated by Hα emission from the prominence. Fortunately very few studies have been made where CME masses are determined using measurements from COR1. On the other hand, the results here demonstrate that the Thomson scattering assumption is probably appropriate for CME measurements using COR2, since the optical design of COR2 washes out the Hα signal and the prominence appears to be substantially ionized by the time it arrives halfway across the COR2 field of view.
Additionally, the Hα signal will be Doppler-shifted by the motion of the prominence relative to the observer. This would have been the case with the prominence in the present study, which had an observer-directed speed component of approximately 240 km s −1 . This is equivalent to a Doppler shift of 0.5-nm, moving the Hα line from the central location of the COR1 response and further beating it down in COR2 as it moved further away from the central peak in its response band. This affects the brightness ratio of Hα between COR1 and COR2, such that the B pB ratio I found to be 2.7 will likely not be consistent for different prominences. For example, if the prominence was directed away from the observer, the brightness of the Hα emission would increase in COR2. While it would need to have an observer-directed speed of an unrealistic 5000 km s −1 to shift it completely outside the COR1 passband, more realistic speeds of a few hundred km s −1 could move it around the COR2 passband sufficiently to produce detectable changes in the Hα brightness relative to COR1. Further study could adjust for predicted Doppler shifting in the response bands of each of the two coronagraphs, but this requires more information on the spectral passband of both instruments than is provided in their instrument papers, and is well beyond the scope of the present study.
Regarding CME measurements with LASCO, the most commonly used filter for CME analysis with C2 is the "orange" filter, which has a passband in the range of 540-640 nm (Brueckner et al. 1995) ; the Hα line lies outside this band. The C3 coronagraph, on the other hand, is most commonly used with the "clear" filter, which has a passband of 400-850 nm. This includes the Hα line, but, as the results presented here show, such emission would be minimized at the distances from the Sun observed by C3. Hence, when using the most commonly selected filters for C2 and C3, we can safely say that LASCO likely suffers minimal Hα contribution. The limited nature of the present study prevents speculation as to possible contamination from other emission lines. Additionally, it is worth noting that both C2 and C3 have an Hα filter and, while it appears the C3 filter was never used, C2 observations were performed at sporadic times during the early years of the LASCO mission (the last observations were performed in 1998 June, before the SOHO anomaly). I am aware of no studies that have made use of these data.
Finally, the results confirm that properties of the prominence deduced using COR2, HI-1, and HI-2, and the assumption of Thomson scattering, are trustworthy if made at distances beyond around 7-10 R  . In Paper II I deduce physical properties of the prominence, such as mass, at very large distances from the Sun using the assumption of Thomsonscattered dominance.
